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Synthesis of cyclopentadienyltricarbonyltechnetium unit from ferrocene unit and 
direct preparation of an unprotected 17α-ethynyl estradiol derivative bearing the 
cyclopentadienyltricarbonyltechnetium fragment. 
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The synthesis of new radiolabeled estrogene derivatives has generated much interest 
during the two last decades ref. The need to make new molecules labeled with technetium 99mTc 
or rhenium 188Re, for the imaging and the therapy of breast tumors, has increased since the 
previous ones didn’t show enough affinity or selectivity toward estrogen receptors (ER). Many 
different systems have been envisaged to the labeling of ligands with technetium or rhenium. 
One general approach is the labeling of a Tc(V) moiety through chelation with heteroatoms, but 
the molecules obtained seem not to be always stable ref. So we have elaborated an other 
approach which is an organometallic one, in which a low oxidation state rhenium core is 
tethered to a cyclopentadienyl (Cp) ligand.1 A particularly attractive functional group for this 
organometallic tethering seems to be the cyclopentadienyl tricarbonyl rhenium unit. This 
functional group has the advantage of being lipophilic, fairly small sized and very robust. 
Furthermore, this approach can easily be extended to the preparation of cyclopentadienyl 
tricarbonyl technetium compounds because Re and Tc complexes have a very similar chemical 
behaviour. 
The search for the preparation of CpM(CO)3 complexes (M = Re, Tc), bearing one 
substituent on the Cp ring, with the purpose of being compatible with the handling of 
radioactive compounds has motivated much interest.2 Wenzel reported an unique double 
ligand-transfer reaction where the technetium source is [99mTcO4]-.3 More recently, we reported 
the preparation of different [(R-Cp)99mTc(CO)3] molecules (R=ketone), where the 
fac-[99mTc(H2O)3(CO)3]+ generated in physiological media is the 99mTc precursor.4 Concerning 
rhenium, we reported one synthesis based on the used of [Re(CO)6][BF4] with particular 
monosubstituted ferrocene compounds in DMSO. This method is compatible with aqueous 
media since we have obtained promising results in a water/DMSO 1:1 mixture.5 
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The first step in this transformation of [Re(CO)6][BF4] in DMSO seems to be the 
departure of three carbonyl ligands from the [Re(CO)6]+ cation. Thus we have postulated the 
intermediate formation of [Re(CO)3(DMSO)3]+. These complexes, whose general framework is 
[Re(CO)3(solvent)3]+, may act in water as [M(H2O)3(CO)3]+ (M = Re, Tc) regarding  the 
cyclopentadienyl-transfer reaction.4,5 Considering that aspect, we decided to extend our work 
with ferrocene derivatives and the [Re(CO)6]+ cation to the preparation of [(R-Cp)99mTc(CO)3] 
from the same ferrocene derivatives and fac-[99mTc(H2O)3(CO)3]+. 
We have selected two ketoferrocenes which provided convincing results in the 
monosubstituted cyclopentadienyl-transfer reaction starting from [Re(CO)6][BF4]. The 
molecule 1 was chosen as a model for steroids and used in our first experiments with 
[99mTc(H2O)3(CO)3]+. Within 30 min at 160 °C, 1 reacted in DMSO with [Re(CO)6]+ to afford 3 
in about 65 % yield. Compound 2, belongs to the 17α-ethynyl estradiol series. This ferrocene 
compound reacts with [Re(CO)6][BF4], in the same way as does 1, to give the corresponding 
product 4.6 It might be noticed that 4 proved to be difficult to prepare by other methods.7 The 
structures of molecules 1, 2, 3 and 4 are depicted in Figure 1. 
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Figure 1. Reactants and products of the cyclopentadienyl-transfer reaction with [Re(CO)6][BF4]. 
 4
The reaction between 1 and fac-[99mTc(H2O)3(CO)3]+ was tested according to a 
procedure we have already described for NaCp derivatives.4 An aliquot of 0.5 mL of an 
aqueous solution containing [99mTc(H2O)3(CO)3]+ (nM – μM range) was prepared as recently 
reported,8 and then mixed with 0.5 mL of a DMSO solution where an excess of 1 had been 
previously dissolved (1.5 – 2 μmol). The mixture was heated at 95 °C and the reaction was 
monitored by HPLC (high-pressure liquid chromatograph) equipped with a γ radiodetector. The 
expected complex 5a was formed in >80 % yield after heating for 4 h (scheme 1). The presence 
of 5a(99mTc) was confirmed by comparing its HPLC chromatogram measured by γ-detection 
with the HPLC chromatogram of the analogous cold compound 3(Re). Due to the very low 
concentration of the 99mTc species, their characterization is only possible by chromatographic 
comparison. 
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Scheme 1.    Synthesis of a cyclopentadienyl technetium derivative from the corresponding ferrocene precursor in 
a water/DMSO 1:1 mixture at atmospheric pressure. 
 
Beside the successful formation of 5a from [99mTc(H2O)3(CO)3]+, it was interesting to 
synthesize 5 on a larger scale, in order to identify it with more accuracy. Starting from 
[99TcCl3(CO)3]2–, higher quantities of complex can be produced and handled because the long 
half-life period of 99Tc results in weak radiation of this isotop. So, 1 was treated in 0.5 mL of 
DMSO at 140 °C with [99TcCl3(CO)3][Et4N]2. Within 1 h , 5b formed in about 91 % yield and 
was crystallized in a dichloromethane solution after removal of DMSO. The reaction was 
monitored with HPLC equipped with a β radiodetector. The retention time of the isolated 
5b(99Tc) is very close to this one of 5a(99mTc) (24.3 min for 5b and 24.4 min for 5a 
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respectively), proving thus the identity of 5a. The structure of 5b was elucidated by a X-ray 
study. A ORTEP representation of this complex is given in Figure 2. 
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Figure 2: Ortep plot of 5b, ellipsoids drawn with 50 % probability. 
We next applied our reaction between ketoferrocene compounds and the precursor 
[99mTc(H2O)3(CO)3]+ to the steroid 2 and obtained the molecule 6 with excellent results. Thus, 
using the conditions described above with 1 and heating for 3h 30 min, allowed us to form 6 in 
almost quantitative yield (>90 %) (Scheme 2). It is remarkable that such a mild and efficient 
reaction has never been reported to the synthesis of molecules belonging to the class of 
ethynylœstradiol. Additionally, it is noteworthy that our approach for the labeling of 99mTc on 
(bio)organic molecules constitutes a real improvement, in regard to the transformations of 
ferrocene derivatives into corresponding cyclopentadienyl technetium derivatives, described in 
the literature.3,9 
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Scheme 2.  Synthesis of a novel 17α-ethynyl estradiol derivative labeled with 99mTc, in a water/DMSO1:1  mixture 
at atmospheric pressure. 
 
In conclusion, we present herein the first synthesis of CpTc(CO)3 derivatives from the 
organometallic aqua complex [99mTc(OH2)3(CO)3]+ and ferrocene containing compounds. 
Thanks to this convenient method, the efficient radiochemical synthesis of a novel 17α-ethynyl 
estradiol derivative can be achieved in aqueous media under very mild conditions, without 
protecting the estradiol substituents. On the basis of these encouraging results the reaction 
should be useful to develop a wide variety of radiolabeled compounds in aqueous media. 
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Experimental Section 
 
5a : 0.5 mL of an aqueous solution containing the starting material [99mTc(H2O)3(CO)3]+ was 
prepared as describe elsewhere.8 Compound 1 (0.6mg, 1.9 μmol) in 0.5 mL of DMSO was 
added to the aqueous solution. Subsequent heating at 95 °C for 4 h afforded 5a in an overall 
yield of >80 %. 
 
5b : Compound 1 (0.0170 g, 0.053 mmol) in 0.5 mL of DMSO was added to 
[NEt4]2[TcCl3(CO)3] (0.0225 g, 0.041 mmol) in a schlenk tube equipped with a magnetic stirrer 
bar. The mixture was heated for 1 h at 140 °C, causing a brownish precipitate containing the 
product, as shown by HPLC analysis. The crude product was purified by column 
chromatography (silica; diethyl ether/hexane 2:1), slow evaporation of the solvent gave crystals 
suitable for an X-ray study. Yield : 91 %. 
 
5b (C16H11O4Tc), orange needle, 0.3 x 0.1 x 0.1 mm3, Stoe IPDS diffractometer,  = 0.71073 Å, 
 oscillation scan, monoclinic, space group P21/c, a = 18.2751(5), b = 13.1242(8), c = 
6.1913(17) Å, = 90.380(11)°, V = 1484.9(4) Å3, Z = 4, calcd = 1.634 g cm-3, R1(I  2(I)) = 
0.0437, wR2(F2, I  2(I)) = 0. 0995 for 2595 data (total 14235 reflections collected, 4435 
independent (Rint = 0.0984), 2595 observed (I  2(I))),  range: 3.10 to 30.55°, completeness 
97.4%, 200 parameters, refinement with Shelxl9710 against F2, calculated positions of hydrogen 
atoms, no absorption correction,  = 0.981 mm-1. Crystallographic data of the structural 
analysis has been deposited at the Cambridge Crystallographic Data Centre, CCDC No. 
209247. 
 
 
 
 
6 : 0.5 mL of an aqueous solution containing the starting material [99mTc(H2O)3(CO)3]+ was 
prepared as describe elsewhere.8 Compound 2 (0.8 mg, 1.6 μmol) in 0.5 mL of DMSO was 
added to the aqueous solution. Subsequent heating at 95 °C for 3h 30 afforded 6 in an overall 
yield of >90 %. 
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